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1 . Preparation and Transmittal of Certified Copy of Priority Documents 

-~ a P ^ aSC £ repare and tTansmit to 106 International Bureau a certified copy of the United States oriein 

priority documents identified in Box VI of the Request form (37 CFR 1.451) g 
To cover the cost of copy preparation and certification (37 CFR 1. 19(a)(3) and (bXl)) 
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the RO/US is hereby authorized to charge Deposit Account No. 501 946 the fees as calculated on 
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irlL,?h 0 !h E f °f, lNTER 7 ATIONAI - SEARCHING AUTHORITY. It is requested that the International Search be 
performed by the following International Searching Authority: 

□ United States Patent and Trademark Office (ISA/US) 
13 European Patent Office (ISA/EP) 

Theappropriate Search fee for the above-named Authority is indicated on the Fee Calculation Sheet (PCT/RO/101 
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A - D There is no prior filed application relating to this invention. 

B. There is a prior application, serial number 60/398.633 filed on 25.Julv.20Q2 which rnntai™ sub ject 

matter that is 

1 □ substantially identical to that of the accompanying International application. 

2. £>3 less than that of the accompanying International application. 

3. U more than that of the accompanying International application 

«vH n?r l0S r C i nformat * on cannot te covered ^ Ae «* Points 4A or 4B above due to involvement of 
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REQUEST 



The undersigned requests that the present 
international application be processed 
according to the Patent Cooperation Treaty, 



— — — — iui receiving I/urn use oniy . 

International Application No. 



International Filing Date 



Name of receiving Office and "PCT International Application" 



Box No. I TITLE OF INVENTION ' "~~ < " ~" "~~ — — 

DIAGNOSING MALFUNCTIONING WHEEL ALIGNMENT SYSTEM 


Box No. II APPLICANT [_J This person is also inventor 


Name and address. (Fam,ly name followed by givennamejora legal entity. Jull official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box Is the applicant s State(thalU.countryjofresidenceifnoStateofresidenceisindicatedbelow.) 

SNAP-ON TECHNOLOGIES, INC. 
420 Barclay Boulevard 
Lincolnshire, Illinois 60069 
United States of America 


Telephone No. 


Facsimile No. 


Teleprinter No. 


Applicant's registration No. with the Office 


State (that is. country) ot nationality: 

United States of America 


State (that is. country) of residence: 

United States of America 



J the United States of America 



J of America only 



J the Supplemental Box 



Box No. ni FURTHER APPLICANTS) AND/OR (FURTHER) INVENTORY) 



Name and address: fFamUvnc 

The address must include postal c ._,„_.....,. „, „. c , naK(um 

Box a the applicant s State (that is. country) of residence if no Slate of residence is indicated below. 

JACKSON, David A. 
1879 Senter Road 
San Jose, California 95112 
United States of America 



This person is: 

{ | applicant only 

|X| applicant and inventor 



Applicant's registration No. with the Office 



State (that is. country) of nationality: 

United States of America 


State (that is. country) 

United States 


of residence: 

of America 


This person is applicant I | all designated I — 1 all designated 
for the purposes of: 1 I States | | the United Sti 


States except r*T\ 
tes of America LS I 


the United Sates I 1 the States indicated in 
of America only | | the Supplemental Box 


|X) Further applicants and/or (further) inventors are indicated on a continuation sheet. 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf rrj-i 
of the applicants) before the competent International Authorities as: |J» | 

Name and address: (Fomilv name fallowed hvtrivennn*,.- fa™ A.ii.a-.^.i j„j 


aeent 1 1 common 
6 1 1 representative 



The address must include postal code and nt 

BECKER. Stephen A. 
McDermott, Will & Emery 
600 13th Street, N.W. 
Washington, D.C. 20005-3096 
United States of America 



202.756-8000 



Facsimile No. 

202.756-8087 



Agent' s registration No. with the Office 

26,527 



ess tor correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
above is used instead to indicate a special address to which correspondence khould be sent. 



Form PCT/RO/101 (first sheet) (March 2001; reprint January 2003) 



See Notes to the reau'est form 



Continuation of Box No. Ill FURTHER APPLICANTS) AND/OR (FURTHER) INVENTOR(S) 

If none of the following sub-boxes is used, this sheet should not be included in the request. 



Name and address: (Family name followed by given name: for a legal entity full official designation 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant s State (that is. country) of residence if no State of residence is indicated below.) 

ROBB, Michael J. 
1879 Senter Road 
San Jose, California 951 12 
United States of America 


This person is: 

| 1 applicant only 

|X | applicant and inventor 

J 1 inventor only (If this check-box 
UJ it marked, do not fill In below.) 


Applicant's registration No. with the Office 


State (that is. country) of nationality: 

United States of America 


State (that is. country) of residence: 

United States of America 


This person is applicant 1 1 all designated I 1 all designated States except fZr\ (he United States 1 1 the States indicia in 

for the purposes of: l_| States |_J the United State, of America IXJ of Africa onl? □ Se S^pternen^BM 


NtuneiUld address (Family name followed by given name :Jor a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant s State (that is. country) of residence if no State of residence is indicated below.) 

O'MAHONY, Patrick B. 
1879 Senter Road 
San Jose, California 95112 
United States of America 


This person is: 

} j applicant only 

|X| applicant and inventor 

1 J inventor only (If this check-box 
I i is marked do not fill in below.) 


Applicant's registration No. with the Office 


State (that is. country) of nationality: 

Ireland 


State (that is. country) of residence: 

United States of America 


This person is applicant I 1 all designated ( 1 all designated States except r?T\ the United States I 1 the States indicated in 

for the purposes of: I I States |_J «h e tJniSl States of Am«?ca IS °f America onl" Q Jbl lifr^emenul^o^ 


Name and address: (Family namefollowed by given name: for a legal entity, full official designation 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant s State (that is. country) oj residence ij no State oj residence is indicated below.) 


This person is: 

I | applicant only 

1 j applicant and inventor 

I | inventor only (If this check-box 
1 1 is marked, do not fill in below.) 


Applicant's registration No. with the Office 


State (that is. country) of nationality: 


State (that is. country) of residence: 


This person is applicant | 1 all designated j 1 all designated States except 1 1 the United States 1 1 the Slates indicated in 

for the purposes of: |_| States | | the United States of Amenca | | of America only □ Se Su^emeSuBo" 


Name and address: (Family namefollowed by given name, for a legal entity 
The address must include postal code and name of country. The country of the 
Box is the applicant s Stale (that is. country) of residence if no Stale of residence 


full official designation, 
address indicated in this 
is indicated below.) 


This person is: 

| | applicant only 

| | applicant and inventor 

1 j inventor only (If this check-box 
1 1 is marked, do not fill in below.) 




Applicant's registration No. with the Office 


State (that is. country) of nationality: 


State (that is. country) of residence: 


This person IS applicant | 1 all designated 1 1 all designated States except I 1 the United States 1 1 the State* indicated in 

for the purposes of: 1 1 States | | the United State, of America | | of America only | | the Su^erneni 


CH Further applicants and/or (further) inventors are indicated on another continuation sheet. 



Form PCT/RO/1 0 1 (continuation sheet) (March 200 1 : reprint January 2003) See Motes to th* 



Box No. V DESIGNATION OF STATES Mark the applicable check-boxes below; at least one must be marked 



The following designations are hereby made under Rule 4.9(a): 
Regional Patent 

BO AP ARIPO Patent: GH Ghana. GM Gambia. KE Kenya. LS Lesotho. MW Malawi. MZ Mozambique, SD Sudan. 

SL Sierra Leone. SZ Swaziland. TZ United Republic of Tanzania, UG Uganda, ZM Zambia. ZW Zimbabwe, and any other 
State which is a Contracting State of the Harare Protocol and of the PCT (if other kind of protection or treatment desired, 
specify on dotted line) 

00 EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldova 
RU Russian Federation. TJ Tajikiatan. TM Turkmenistan, and any other State which is a Contracting Statt of the Eurasian 
Patent Con vention and of the PCT 

OB EP European Patent: AT Austria, BE Belgium, BG Bulgaria, CH & LI Switzerland and Liechtenstein. CY Cyprus, CZ Czech 
Republic. DE Germany. DK Denmark. EE Estonia, ES Spain. FI Finland, FR France. GB United Kingdom, GR Greece, 
IE Ireland, IT Italy, LU Luxembourg, MC Monaco, NL Netherlands, PT Portugal, SE Sweden, SI Slovenia. SK Slovakia, 
TR Turkey, and any other State which is a Contracting State of the European Patent Convention and of the PCT 

00 OA OAPI Patent: BF Burkina Faso. BJ Benin, CF Central African Republic. CG Congo, CI C6te d'lvoire, CM Cameroon. 
GA Gabon. GN Guinea. GQ Equatorial Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania. NE Niger, SN Senegal! 
TD Chad. TG Togo, and any other State which is a member State of OAPI and a Contracting State of the PCT (if other kind 
of protection or treatment desired, specify on dotted line) 



National Patent (if other kind of protection or treatment desired specify on dotted line): 

OB AE United Arab Emirates OB GM Gambia 00 NZ New Zealand 

OB AG Antigua and Barbuda Ofl HR Croatia Cfl OMOman 

00 AL Albania OB HU Hungary GB PH Philippines 

OB AM Armenia OB ID Indonesia QB PL Poland 

OB AT Austria 0B IL Israel 0B PT Portugal 

OB AU Australia OB IN India OB RO Romania 

00 AZ Azerbaijan 0B IS Iceland 0B RU Russian Federation 

QB BA Bosnia and Herzegovina OB JP Japan 

00 BB Barbados OB KE Kenya 00 SC Seychelles 

OS BG Bulgaria OB KG Kyrgyzstan 00 SD Sudan 

00 BR Brazil Ofl KP Democratic People's Republic 99 SE Sweden 

SO BY Belarus of Korea Ofl SG Singapore 

IB BZ Belize Off KR Republic of Korea 0D SK Slovakia 

OB CA Canada 0B KZ Kazakhstan OB SL Sierra Leone 

00 CH & LI Switzerland and Liechtenstein 0B LC Saint Lucia QB TJ Tajikistan 

OB CN China GB LK Sri Lanka OB TM Turkmenistan 

Ofl CO Cotombia QB LR Liberia Ofl TN Tunisia 

OB CR Costa Rica QB LS Lesotho 00 TR Turkey 

OB CU Cuba QB LT Lithuania Ofl TT Trinidad and Tobago 

Ofl CZ Czech Republic . . Cfl LU Luxembourg 

B DE Germany OB LV Latvia B TZ United Republic of Tanzania 

B DK Denmark 00 MA Morocco B UA Ukraine 

B DM Dominica fl MD Republic of Moldova B UG Uganda 

B DZ Algeria B US United States of America 

B EC Ecuador B MGMadagascar 

B EE Estonia B MKThe former Yugoslav Republic of B UZ Uzbekistan 

B ES Spain Macedonia B VC Saint Vincent and the Grenadines 

B FI Finland B MN Mongolia B VN Viet Nam 

B GB United Kingdom B MWMalawi B YU Yugoslavia 

B GD Grenada B MX Mexico B ZA Soutb Africa 

B GE Georgia B MZ Mozambique B ZM Zambia 

B GH Ghana B NO Norway B ZW Zimbabwe 

Check-boxes below reserved for designating States which have become party to the PCT after issuance of this sheet: 

□ □ □ 

□ □. □ : 



Precautionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all 
other designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being 
excluded from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that 
any designation which is not confirmed before the expiration of 1 5 months from the priority date is to be regarded as withdrawn by the 
applicant at the expiration of that time limit (Confirmation (including fees) must reach the receiving Office within the 15-month lime limit.) 



n PCT/RO/101 (second sheet) (January 2003) See Notes to the revues, fnm. 



Supplement*! Bos If the Supplemental Box is not used, this sheet should not be included in the request. 



If. in any ofthe Boxes, except Boxes Nos. VIH(i) to (v) for which Steven W. Allis, Reg. No. 50,532 

aspecial continuation box is provided. Ike space is insufficient Mark C. Bach. Reg. No. 34 766 

tofumishall the information: msuch case, write 'Continuation e» u a e . » . ~ 

of Box No... " (indicate the number ofthe Box) and furnish the st ephen A. Becker, Reg. No. 26,527 

information in the same manner as required according to the John G. Bisbikis, Reg. No. 37 095 

S£3i$ he B ° X m WhiCh ' he Space was ™ ujfficient - in Marc E. Brown, Reg. No. 28.590 

Daniel Bucca, Reg. No. 42,369 
more than two persons are to bt indicated as applicants Daphne L. Burton, Refl. No, 45.323 
and/or inventors and no ■■continuation shtet " it available,- in Kenneth L Caae ttaa No 2fl i«i 

suchcase. write "Continuation of Box No. Ill" and indicate far f r^L « £ ?X . 5?J r 

each additional person the same type of information as required Jennifer Chen, Reg. Np. 42,404 



in Box No III. the country <oj the address indicated in this Box Bernard P. Codd, Reg. No 46,429 
is the applicants State (that is. country} of residence if no State Lawrence T. Cullen. Req. No. 44 489 
ofresidence is tndtcated below. Rau| Devjnsky Reg ' No 9 28>553 " 

W if. « Box No. 11 or in any ofthe sub-boxes of Box No. III. the Margaret M . Duncan , Reg. No. 30,879 

indication "the States indicated in the Supplemental Box" is Shamita De Etienne-Cummings. Reg. No. 46.072 
checked: tn such case, write "Continuation of Box No. II" or Ramvar M Farid Raa No 4fi &RQ 
"ContinuationofBoxNo. Ill" or "Continuation of Boxes No. II prior. C Coif.—' o' Z 1c o«« 
and No. in" fas the case may be), indicate the name ofthe Bfian E - Ferguson, Reg. No. 36,801 
applicants) involved and. next to (each) such name, the Statefs) Michael E. Fogarty, Reg. No. 36,139 
(and/or. where applicable. ARIPO. Eurasian. European or John R. FuiSZ, Reg. No. 37.327 
o^Slc^tT ° ePUrPOSeS ° fwhiCh namedperson * Craig A. Gelfound, Reg. No. 41,032 
' Keith E. George, Reg. No. 34.1 1 1 

W # * Box No. II or in any ofthe sub-boxes of Box No. III. the John A. Hankins, Reg. No. 32,029 
inventor o, the inventor/applicant is not inventor for the Eric J. Kraus. Reg. No. 36,190 
n^S^S-«} Ca^ne Krupka" Reg. No. 46.227 

Box No. II" or "ContinuationofBoxNo. Ill" or "Continuation Jack Q. Lever, Reg. No. 28,149 

of Boxes No. II and No. Ill ' ' (as the case may be), indicate the Raphael V. Lupo, Reg . No. , 28, 363 

name of the inventor(s) and. next to (each) such name. Rurman Y Mathia III R*»n Nn AA Qrt7 

the Statefs) (and/or. where applicable. ARIPO. Eurasian, f"™ a " T " f? 801,3 "'■ R e9 ; N °-T 4 !„° 7 

European or OAPI patent) for the purposes of which the Michael A. MeSSina, Reg. No. 33,424 

named person is inventor; Michael Oleinik, Reg. No. 41.228 

(iv) if. in addition to theagent(s) indicated in Box No. IV. there are fZh^Sn^?" S^N^I KA7 
further agents in such case, write "Continuation of JOSeph H. Paquin, Jr., Reg. No. 31,647 
BoxNo. IV" and indicate for each further agent the same type Scott D. Paul, Reg. No. 42,984 

of information as required in Box No. IV; William D. Pegg, Reg. No. 42,988 

(v) if.inBoxNo.V.thenameofanyStaie(orOAP0isaccompanied S^h^d^^k^ 9 

by the indication "patent of addition. - or "certificate of Charles Rosenberg, Reg. No. 31.464 

addition." or if, in Box No. V. the name of the United States of Gene 2. Rubinson, Reg. No. 33,351 
America is accompanied by an indication "continuation" or Joy Ann G. Serauskas Reg No 27 952 
33£fiZtta^ fP?™* Reg. No. 37.449 ' 

and after the name of each such State (or OAPI). the number of Arthur J. Steiner. Reg. No. 26,106 
the parent title or parent application and the date of grant of Wesley Strickland, Reg. No. 44,363 
the parent title or filing of the parent application. Michael D. Switzer. Reg. No. 39,552 

(vi) if. in Box No. VI there are more than five earlier applications DaV ' d M " Tennant . Reg. No. 48.362 
whose priority is claimed: in such case, write "Continuation Judith L. Toffenetti. Reg. No. 39,048 
of Box No. VI" and indicate for each additional earlier Daniel S. Trainor. Reg. No. 43 949 

tBoTNo° n vi he Same tyPC ° f mformation m reauired Kelli N. Watson. Reg. No. 47.170 

Cameron K. Weiffenbach, Reg. No. 44,488 

2. If. with regard to the precautionary designation statement Aaron WeiSStUCh, Reg. No. 41,557 

contained in Box No. V. the applicant wishes to exclude any Edward J. Wise Reg No 34 523 

State(s) from the scope of that statement: in such case, write i _«„... a \ki~\\ ar d-V. m« ab kaa 

"Designations) excluded from precautionary designation A ? ffrey W °" er ' ReQ - NO " 48 ' 041 

statement" and indicate the name or two-letter code of each Alexander V. Yampolsky. Reg. No. 36,324 

State so excluded. Robert W. Zelnick, Reg. No. 36,976 



Form PCT7RO/10I (supplemental sheet) (March 2001; reprint January 2003) 



See Notes to the reouest form 



Box No. VI PRIORITY CLAIM 



The priority of the following earlier application(s) is hereby claimed: 



of earlier application 
(day/month/year) 


Number 
of earlier application 


Where earlier application is: 


national application, 
country or Member 
o f WTO 


regional application:* 
regional Office 


international application: 
receiving Office 


item(l) 

25.July.2002 


60/398.633 


US 






item (2) 




















item (4) 










item (5) 











□ Further priority claims are indicated in the Supplemental Box. 



The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier applications) (only 
aSve^ aPPl,Ca "° n Wasfiled Wi ' h *< ^ichfor the purposes of this international applicaZ is the ^ESS 

H all items □item(l) □ item (2) Q item (3) [J item (4) □ item (5) f~l 2*"' 

— — 1 Supplemental Box 

/ T"^ ft earUer a PP' ica 'J? n ? an AMPO application, indicate at least one country party to the Paris Convention for the Protection of 
Industrial Propern. or one Member of the World Trade Organization for which tha?e^rliZ applicailon waT^ f 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



ISA/. EP 

ETS: A^cZ™ nh; refereD " l ° ~ arCh (lfa " ^ *~ * ~ guested from the 

Date (day/monthfyear) Number Country (or regional Office) 



Box No. Vm DECLARATIONS 



The following declarations are contained in Boxes Nos. VIII (i) to (v) (mark the applicable 
check-boxes below and indicate in the right column the number of each type of declaration): 



□ Box No. VIII (i) 

□ Box No. VIII (ii) 

□ Box No. VTH (iii) 

□ Box No. VIII (iv) 

□ Box No. VIII (v) 



Declaration as to the identity of the inventor , 

Declaration as to the applicant's entitlement, as at the international filing 
date, to apply for and be granted a patent 

Declaration as to the applicant's entitlement, as at the international Filing 
date, to claim the priority of the earlier application 



Declaration of inventorship (only for the purposes of the 
United Stales of America) 



as to non-prejudicial disclosures or exceptions to lack of novelty 



Form PCT/RO/I0I (third sheet) (July 2002; 



it January 2003) 



See Notes to the request form 



Box No. IX CHECK LIST; LANGUAGE OF FILING 



This international application contains: 



description (excluding 
e listings and/or 



sequenc 
tables r< 



tables related thereto 
(for both, actual number of 
sheets if filed in paper form, 
whether or not also filed in 
computer readable form; 
see (c) below) 



Total number of sheets 27 

(b) □ only in computer readable form 

(Section 80l(aX0) 
(0 □ sequence listings 
(it) □ tables related thereto 

(c) □ also in computer readable form 

(Section 80f(aXii)) 
(>) □ sequence listings 
(ii) □ tables related thereto 
Type and number of carriers (diskette, 
CD-ROM, CD-R or other) on which are 
contained the 

□ sequence listings: 

□ tables related thereto: . 



(additional copies to be indicated under 
items 9(H) and/or 10(H). in right column) 



Figure of the drawings which 
should accompany the abstract: 



Box No. X SIGNATURE OF 



w mal i°2 al a PP' ica »j on , is «ccompanied by the following Number 
uem(s) (mark the applicable check-boxes below and indicate in * ofSZ 
right column the number of each item): " ems 
1.81 fee calculation sheet 
2- □ original separate power of attorney 
3. D original general power of attorney 
4 " ^ if 0 any 0f gCnCral p0wer of al,orne y; reference number. 
5. P iWtomanjesjplaifimgitekofijgniiiuM 
6 ^ Piem(s): ^° 9unicnt(s) identified in Box No. VI as 

7. □ translation of international application into 

(language): 

8. □ separate indications concerning deposited microorganism 

or other biological material 

9. □ sequence listings in computer readable form 

(indicate type and number of carriers) 
(i) □ cony submitted for the purposes of international search under 

Rule liter only (and not as part of the international application) : 
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Diagnosing Malfunctioning Wheel Alignment System 
Background 
[0001] Field of Disclosure 

10002] This application relates to equipment diagnostics, and. in one 
embodiment, technology that facilitates diagnoses of malfunctioning automotive 
alignment systems. 

[0003] General Background and State of the Art 

[0004J Automotive diagnostic and repair equipment sometimes fails to function 
during use or, because of improper use, fails to successfully accomplish its 
desired function. In particular, equipment used for automotive wheel alignment 
may be susceptible to malfunctions during use that may be difficult to detect or 
correct at a later time. This is due to the sensitivity of such equipment to 
environmental disturbances, as well as to the large number of cooperative 
components involved in wheel alignment systems. 
[0005] One example of this problem is during wheel alignment. Wheel 
alignment is a process of adjusting the angles of wheels on a vehicle so that they 
are generally perpendicular to the ground and parallel to one another. The 
purpose of these adjustments is to attain maximum tire life, as well as to keep 
the vehicle tracks straight when driving along a straight and level road. In order 
to adjust the wheel angles to achieve proper wheel alignment, the actual wheel 
angles must first be measured. Then, the requisite adjustments may then be 
calculated. Two particular angles that are often utilized in wheel alignment 
methods are commonly referred to as "camber" and "toe." Camber, which is 
typically measured in degrees, is the angle of the wheel's deviation from a 
vertical plane. Therefore, camber is angle of the wheel that is seen when viewed 
from the front of the vehicle. If the top of the wheel is leaning away from the 
center of the car. the camber is positive; if it is leaning in toward to center of the 
car, then the camber is negative. 

[0006] Toe is the difference in distance between the front of two tires and the 
back of those tires. It is normally measured in fractions of an inch, and is usually 
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set close to zero, meaning that the wheels are substantially parallel to one 
another. "Toe-in" means that the fronts of the tires are closer to each other than 
the rears; "toe-out" is the opposite situation. These, as well as other wheel 
alignment parameters, are quantified through sensitive measurement techniques 
that can encounter significant errors in the event of an equipment malfunction or 
environmental disturbance. Some types of systems for measuring such wheel 
alignment parameters may be more sensitive than others, though almost all are 
susceptible to such malfunctions and disturbances. 

[0007] Wheel alignment may involve placing instrumentation on each of a 
vehicle's four wheels. The instrumentation may include a set of optical targets 
clamped to each wheel. An optical sensor means such as a camera is situated 
to view the targets, and a light may be directed toward the targets with sufficient 
intensity to cause the targets' reflections to be detected by the optical sensor 
means. The optical sensor means may view a target located on each wheel and 
forms an image of each target. Electrical signals corresponding to each of the 
images may be transferred to a processor, which correlates the perspective 
image of each of the targets with the true shape of each target. The processor 
may then relate the known geometric dimensions of the target with the 
dimensions of corresponding elements in the perspective images, and can 
thereby calculate the alignment of the wheels. Such methods are well known in 
the art, and described in detail in U.S. Patents 5,535,522 and 5,809,658. for 
example, each of which is incorporated herein by reference. 
[0008] Unfortunately, such procedures and systems can encounter a variety of 
operational problems due to the sensitivity of the various system components 
and the sheer number of components that must cooperate during operation of 
the system. Unfortunately, in the case of malfunctions during use of such 
equipment, the operator often lacks the skills necessary for diagnosing the 
malfunction or correcting it. Technicians who service the equipment, on the 
other hand, might have the ability to diagnose and correct such problems, but 
are often unable to successfully trouble-shoot operational problems because 
they are unable to be present during the malfunction. By the time a service 
technician arrives on the premises, the problem may no longer be observable. 
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This sometimes leads to the problem not being solved and, in some instances, to 
the costly replacement of components erroneously thought to have been 
malfunctioning. 

[0009] Therefore, what is needed is an operational malfunction diagnostic 
method that allows for a skilled technician to dlaanose an operational problem 
even after the problem has occurred and is no longer apparent. 
Summary 

[0010] The systems and methods of this application help to overcome these as 
well as other problems in the prior art by recording data indicative of the 
circumstances at the time of an apparent problem in a memory device, and then 
displaying those data to an equipment sen/ice technician when he later arrives to 
service the equipment. As used herein, the term "malfunction event" shall refer 
to an equipment malfunction or apparent malfunction due to environmental 
disturbances, which will be discussed in further detail below. 

[001 1] In one aspect of the application, a diagnostic system for troubleshooting 
a malfunction during operation of an instrument that gathers and analyzes real- 
time data may include one or more information-gathering devices for gathering 
the real-time data, a memory device in communication therewith for storing the 
real-time data, and a data replay system in communication with the memory 
device for playing back the real-time data after the real time data was gathered. 
[0012] In another aspect of the application, a diagnostic system for allowing a 
service technician to diagnose a malfunction during operation of a wheel 
alignment system that gathers information in real time about the alignment of a 
plurality of wheels may include one or more cameras for gathering images of the 
alignment in real time. The images may include reflections from a target 
mounted on each wheel/and a processing system in communication with the 
cameras may receive the images and generate analysis data based on them, the 
analysis data providing an analysis of the alignment of the wheels. A memory 
device may store the images and the analysis data, and a storage control may 
cause the memory device to store the images and the analysis data in response 
to activation of the storage control by the operator during the occurrence of the 
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malfunction. Alternatively, activation of the storage control may occur 
automatically as part of a rolling data collection history or following an automatic 
detection of a pre-defined trigger. A display device in communication with the 
memory device may selectively display the images and the analysis data, and a 
play-back control may cause the display device to selectively display the images, 
analysis data and other captured data whether processed or unprocessed, to the 
service technician in response to activation of the play-back control after the 
occurrence of the malfunction. Data that are played back may include, but are 
not limited to, captured alignment data, processed data, intermediate alignment 
results, final alignment values, processed images, and the like. The data may be 
played back sequentially in order to mimic its original real-time capture, or may 
be played back selectively according to a user's input. Also, data collection may 
occur on a rolling basis, such that data is continually collected and buffered in 
memory, then erased as new data is collected, becoming permanently stored 
only when the system enters a diagnostic mode, whether by user control or 
automatic detection. The rolling data collection ensures that any data collected 
for a malfunction event is preceded by a certain amount of buffered data that 
was collected immediately prior to the malfunction event. 
I0013J In yet another aspect of the application, a method of diagnosing a 
malfunction during the operation of an instrument that gathers and analyzes real- 
time wheel alignment data may include receiving real-time wheel alignment data 
from at least one information-gathering device, storing the data in a memory 
device, re-playing the stored data, and analyzing the re-played data to diagnose 
a malfunction. Real-time wheel alignment data may also be calculated from 
stored analysis data, then re-played and analyzed to diagnose a malfunction. 
[0014] In a further aspect of the application, a means for diagnosing a 
malfunction during the operation of an instrument that gathers anckanalyzes real- 
time wheel alignment data may include receiving means for receiving real-time 
wheel alignment data from at least one information-gathering means, storage 
means for storing the data, playback means for re-playing the stored data, and 
processor means for analyzing the re-played data to diagnose a malfunction. 
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[0015] The foregoing and other objects, features, and advantages of the 
disclosures herein will become apparent from a reading of the following detailed 
description of exemplary embodiments thereof, in conjunction with the 
accompanying drawings. 

[0016] It is understood that other embodiments of the disclosures herein will 
become readily apparent to those skilled in the art from the following detailed 
description, wherein it is shown and described only exemplary embodiments of 
those disclosures by way of illustration. As will be realized, the disclosures 
herein are capable of being implemented and practiced in other and different 
embodiments and its several details are capable of modification in various other 
respects, all without departing from the spirit and scope of their teachings. 
Accordingly, the drawings and detailed description are to be regarded as 
illustrative in nature and not as restrictive. 

Brief Description of the Drawings 

[0017] Fig. 1 illustrates an exemplary wheel alignment system; 

[0018] Fig. 2 illustrates a method for diagnosing a malfunction that occurs 

during the operation of an information gathering device after the malfunction 

occurs; 

[0019] Fig. 3A is a block diagram illustrating components of an equipment 
operational malfunction diagnostic system; 

[0020] Fig. 3B is a block diagram illustrating an alternative embodiment of one 

portion of the operational malfunction diagnostic system of Fig. 3A; 

[0021] Fig. 4 is a block diagram illustrating additional components of an 

exemplary equipment operational malfunction diagnostic system; and 

[0022] Fig. 5 is a table of exemplary data gathered and utilized in an equipment 

operational malfunction diagnostic system. 

Detailed Description of Illustrative Embodiments 
[0023] The detailed description set forth below in connection with the appended 
drawings is intended as a description of exemplary embodiments and is not 
intended to represent the only embodiments in which the concepts explained in 
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these embodiments can be practiced. The term "exemplary" means "serving as 
an example, instance, or illustration," and should not necessarily be construed as 
preferred or advantageous over other embodiments. The detailed description 
includes details for the purpose of providing an understanding of the concepts 
herein. However, it will be apparent to those skilled in the art that these 
teachings may be implemented and practiced without these specific details. 
[0024] Fig. 1 illustrates an exemplary wheel alignment system that may be 
utilized with the diagnostic systems and methods disclosed herein. Information 
gathering devices may be used to obtain wheel alignment data for each of the 
wheels 100, 102, 104, and 106 of a vehicle. The information gathering devices 
may include an optical sensor such as one or more video or other cameras 108 
and 110. Cameras 108 and 110 may be focused on individual sets of optical 
targets, 112, 114, 116, and 118 that are each mounted to one of the wheels 100, 
102. 104, and 106. Each set of targets, such as set 112, may include a plurality 
of optical targets 120. A light or pair of lights 122 and 124, such as a strobe or 
other type of light, may project light onto targets 120 to cause them to reflect light 
sufficient to be detected by cameras 108 and 110. 

[0025] Cameras 108, 1 10 view each target 120 located on each of the wheels 
100, 102, 104, 106 and forms an image of each target. Electrical signals 
corresponding to each of the images are transferred to a processor, which 
correlates the perspective image of each of the targets with the true shape of 
each target. The processor relates the known geometric dimensions of the 
target with the dimensions of corresponding elements in the perspective images. 
This process is repeated for each of a plurality of different vehicle positions, such 
that wheel alignment parameters can be calculated from the collected data. 
Such systems methods are well known in the art, and are described for example 
in the patents referenced above, U.S. Patents 5,535,522 and 5,809,658. 
Unfortunately, a variety of malfunction events are possible with these types of 
optical alignment systems. Hardware failures may occur, some being permanent 
and others being intermittent. Also, environmental disturbances can interfere 
with a camera's or optical target's normal operation, causing the appearance of 
hardware failure. 
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[0026] Environmental disturbances that the systems and methods disclosed 
herein can diagnose include, but are not necessarily limited to, an object or 
person that blocks the line of sight between a camera and an optical target that 
is mounted on a wheel, dirt or debris that is on one of the optical targets, causing 
it to be undetectable to the camera, or sunlight and other reflections in the area 
of the alignment operation. For example, a vehicle's own chrome details can 
cause reflections that interfere with a camera's detection of the mounted optical 
targets. Other environmental issues include the vehicle not being within the 
camera's focal length, vibrations that occur during the alignment process, or 
large temperature gradients that cause what is known in the art as a "mirage 
effect." 

C0027] Hardware faults that the systems and methods disclosed herein can 
diagnose include, but are not necessarily limited to. intermittent camera failures, 
or optical target alignment problems. For example, problems with the cameras 
or the targets may cause one or more targets to become invisible to a camera 
during a certain portion of the alignment process, such as when the vehicle is in 
a rolled-back position, yet be visible during other portions of the process, such as 
when the vehicle is in its normal, starting position. Both environmental and 
hardware issues may be difficult to detect after the actual occurrence, 
particularly if they are intermittent in nature. Therefore, the systems and 
methods disclosed herein may involve capturing alignment data during the 
alignment process, storing the data during a malfunction event, then allowing an 
experienced technician to "recreate" the malfunction event by reviewing and 
analyzing the collected and stored data. 

[0028] Fig. 2 illustrates a method for diagnosing a malfunction that occurs 
during the operation of an information gathering device after the malfunction 
occurs. Alignment data are received by instrumentation in a wheel alignment 
system, such as cameras operating in conjunction with optical targets, for 
example. The data collection occurs during a malfunction event, and is triggered 
by an alignment technician upon noticing a malfunction in the alignment process. 
When a malfunction is detected, the alignment system may be placed in a 
diagnostic mode, which causes the real-time data to be collected at regular, pre- 
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determined intervals, indicated at block 200. For example, the data may be 
collected once every two seconds for the first 10 seconds, once every four 
seconds during the following 8 seconds, and once every five seconds thereafter. 
Of course, the disclosures herein are applicable to any data collection frequency, 
and the frequency need not diminish overtime. The frequency may be variable 
according to a variety of different patterns or triggers, such as pre-defined 
programmable triggers based upon out-of-tolerance conditions, deteriorating or 
improving conditions, and the like. Also, the alignment system may always 
collect real-time data, keeping a certain amount of it in memory while discarding 
older data, so that some amount of real-time data is constantly scrolled through 
the system's memory. That way, when a malfunction event does occur and the 
system switches to diagnostic mode, it will have some amount of historical data 
to supplement the real-time data it gathers in the diagnostic mode. It is also 
possible to pre-define various triggers for initiating the diagnostic mode data 
collection and storage, such as triggers based upon data levels indicative of 
certain conditions, and to begin capturing the data after a trigger is detected. 
The triggers can include an out of tolerance condition or a deteriorating 
condition. 

[0029] At block 202, the data received during the diagnostic mode are stored, 
such as in temporary or permanent computer storage. At a later time, the data 
are recalled from memory, and is re-played as indicated at block 204. It is at this 
time that an experienced alignment system technician can re-play the previously 
collected data to "recreate" the malfunction event and analyze the re-played data 
to diagnose the malfunction. A description of the format and content of the re- 
played data is discussed in further detail below with reference to Fig. 5. During 
the data re-play, the diagnostic technician can analyze the data, as indicated at 
block 206, to troubleshoot for system malfunctions or environmental 
interferences, which can then be selectively corrected and remedied. 
[0030] Fig. 3A is a block diagram illustrating components of an equipment 
operational malfunction diagnostic system. Information gathering devices 300, 
302, such as cameras focused on optical targets for example, collect alignment 
data for the wheels on which the optical targets are mounted. As described 
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above, the collection may be triggered during the occurrence of an alignment 
system malfunction. An alignment system operator, upon detecting an 
malfunction, or an apparent malfunction due to environmental issues, enables 
the diagnostic system. This may be done by placing the alignment system into a 
diagnostic mode, or a separate diagnostic system may be utilized to collect 
alignment data during a malfunction event. In either case, the system is 
triggered to collect alignment data at each of a series of time intervals, as 
described above. 

[0031] The information collected during the malfunction event is stored in 
memory 304, which may be permanent or temporary computer memory. Then, a 
data replay system 306 presents the recalled data to a diagnostic technician, 
who is able to review the malfunction event and diagnose it by analyzing the 
real-time data that had been collected during the event. In this manner, the 
diagnostic technician is able to "recreate" the malfunction event. For example, in 
a scenario in which a plurality of "snapshot" images was taken of targets 
mounted on wheels during a malfunction, that series of images can be re-played 
to a diagnostic technician well after the event has occurred. Thus, while the 
malfunction or apparent malfunction may have been intermittent, and may no 
longer be apparent, it can still be examined and diagnosed by an experienced 
technician who was not present when the event occurred. The data replay 
system may include a computer and a display screen for retrieving the stored 
data, analyzing them such as by processing images, and displaying the data to 
the diagnostic technician. 

[0032] Fig. 3B is a block diagram illustrating an alternative embodiment of one 
portion of the operational malfunction diagnostic system of Fig. 3A, in which 
alignment data stored in memory 304 is transmitted to a diagnostic technician for 
review on data replay system 306 over a communications network 308. 
Communications network may comprise the Internet, a local area network, a 
wireless network, or any other form of data transfer platform. In this 
embodiment, the diagnostic technician can remotely troubleshoot a 
malfunctioning alignment system by receiving malfunction episode alignment 
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data across network 308 at any location that has a data replay system 306 
available for use. 

[0033] Fig. 4 is a block diagram illustrating additional components of an 
exemplary equipment operational malfunction diagnostic system. A camera 400 
eollacts data from optical targets mounted on wheels that are undergoing a 
malfunctioning alignment process. An image processor 402 receives the data 
and processes the resultant images. These images are utilized to calculate the 
wheels' alignment angles by alignment processor 404, and stored in a memory 
device 406. A storage controller 408, which may be hardware or software 
driven, causes the images to be stored at each of a sequence of pre-determined 
time intervals. The frequency of these time intervals may be variable according 
to a variety of different patterns or triggers. For example, data may collected at a 
rate that is based upon the severity of the malfunction event, such as by 
programming pre-defined triggers based upon out-of-tolerance conditions, 
deteriorating or improving conditions, and the like. 

[0034] During a diagnostic phase, during which a diagnostic technician can 
review and analyze the collected data, the images are presented on a display 
device 410. This may comprise a display monitor for presenting images and 
other forms of the collected data, as illustrated in Fig. 5. A playback controller 
412, which may be hardware or software driven, is operated by the diagnostic 
technician to manipulate the playback sequence on display device 410. The 
diagnostic technician can thereby choose to "recreate" the malfunction event 
exactly, or to focus on certain moments during the malfunction event. Data that 
are played back to investigate the malfunction event may include, but are not 
limited to, captured alignment data, processed data, intermediate alignment 
results, final alignment values, processed images, and the like. 
[0035] Fig. 5 illustrates exemplary data gathered and utilized in an exemplary 
malfunction diagnostic system. The display device and display system 
referenced in previous figures may present data in numeric or other formats in 
addition to the images previously described. For example, certain types of data 
collected during a malfunction event may be expressed in table format, as 
illustrated by exemplary table 500. The exemplary table 500 includes a first 
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column denoting time intervals T 0 502 through T N 504, at which diagnostic 
alignment data were collected and stored by an alignment system operating in its 
diagnostic mode. For each of these time intervals, the table reports values such 
as intensity 506, camera gain or amplification 508, and an error value based on 
a root mean squared operation (RMS) 510. Intensity relates to the level of 
reflection produced by an optical target, and to the ability of a camera to detect it. 
Gain relates to the amplification of the camera, and therefore also relates to the 
ability of a camera to detect a reflective optical target. RMS relates to a well- 
known error analysis algorithm that can be applied to data that are collected by 
an alignment system. It is seen that the intensity of one optical target at the first 
and last time intervals is 140, while the intensity of that same optical target at the 
second two time interval is 0. Thus, a malfunction can be identified as having 
occurred between those two time intervals. Similarly, the RMS values reveal a 
malfunction. Based on these and other values, the specific cause of the 
malfunction can be analyzed and targeted by an experienced and skilled 
diagnostic technician. Of course, it is to be understood that other values may be 
measured, expressed and analyzed according to the disclosures herein, which 
are not limited to the specific illustrative examples discussed. For example, 
wheel alignment systems and malfunction diagnostic systems may record and 
report distances to test whether an optical target is within a camera's focal 
length; relative angular positions of an optical target in three dimensional space, 
the number of targets that are visible to a camera, the number of targets used in 
an alignment calculation, a variety of camera parameters, and the like. 
[0036] The various figures and diagrams described in connection with the 
embodiments disclosed herein may be implemented or performed with hardware 
components, software components or any combination thereof designed to 
perform the functions described herein. The previous description of the 
disclosed embodiments is provided to enable any person skilled in the art to 
make or use the teachings of the present disclosure. Various modifications to 
these embodiments will be readily apparent to those skilled in the art, and the 
generic principles defined herein may be applied to other embodiments without 
departing from the spirit or scope of the application. Thus, the disclosures herein 
are not intended to be limited to the embodiments shown and discussed, but are 
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to be accorded the widest scope consistent with the principles and novel 
features disclosed herein. 
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We claim: 



1 . A diagnostic system for diagnosing a malfunction during the 
operation of an instrument that gathers and analyzes real-time data comprising: 

one or more information-gathering devices for gathering the real- 
time data; 

a memory device in communication with the information-gathering 
devices for storing the real-time data; and 

a data replay system in communication with the memory device for 
playing back the real-time data after the real time data was gathered. 

2. The diagnostic system of claim 1 , wherein the one or more 
information-gathering devices includes a camera focused on an optical target in 
a wheel alignment system. 

3. The diagnostic system of claim 2 wherein the real-time data 
comprises a plurality of images gathered from the camera. 

4. The diagnostic system of claim 1 , further comprising: 

a data controller in communication with the information-gathering 
devices and the memory device that causes the memory device to store 
data from the information-gathering devices at pre-determined time 
intervals. 

5. The diagnostic system of claim 3, wherein the pre-determined time 
intervals vary in frequency over time. 

6. A diagnostic system for allowing a service technician to diagnose a 
malfunction during operation by an operator of a wheel alignment system that 
gathers information in real time about the alignment of a plurality of wheels 
comprising: 

one or more cameras for gathering images of the alignment in real 
time, the images including reflections from a target mounted on each 
wheel; 
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a processing system in communication with the cameras for 
receiving the images and for generating analysis data based on the 
images, the analysis data providing an analysis of the alignment of the 
wheels; 

a memory device for staring the Images end the anaiyste tfetc 

a storage control for causing the memory device to store the 
images and the analysis data in response to activation of the storage 
control by the operator during the occurrence of the malfunction; 

a display device in communication with the memory device for 
selectively displaying the images and the analysis data; and 

a play-back control for causing the display device to selectively 
display the images and the analysis data to the service technician in 
response to activation of the play-back control after the occurrence of the 
malfunction. 

7. The diagnostic system of claim 6 wherein the storage control 
causes the storage of the images and the analysis data to be accomplished at 
pre-determined intervals. 

8. The diagnostic system of claim 7 wherein the pre-determined 
intervals vary in frequency over time. 

9. A method of diagnosing a malfunction during the operation of an 
instrument that gathers and analyzes real-time wheel alignment data comprising: 

receiving real-time wheel alignment data from at least one 
information-gathering device; 

storing the real-time wheel alignment data in a memory device; 
re-playing the stored, real-time wheel alignment data*; and 
analyzing the re-played data to diagnose a malfunction. 

10. The method of claim 9 wherein the at least one information 
gathering device includes a video camera. 
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1 1 . The method of claim 1 0 wherein the real-time wheel alignment data 
comprises images including reflections from a target mounted on each wheel. 

12. The method of claim 1 1 , further comprising: 

processing the real-time wheel alignment data to generate wheel 
alignment analysis data; 

storing the wheel alignment analysis data; 

re-playing the wheel alignment analysts data in conjunction with the 
re-playing of the real-time wheel alignment data; and 

analyzing the re-played wheel alignment analysis data to diagnose 
a malfunction, 

13. The method of claim 9 further comprising transmitting the stored, 
real-time wheel alignment data across a communications network prior to re- 
playing it. 

14. The method of claim 9 wherein the storing of real-time wheel 
alignment data in a memory device is done at pre-determined intervals that vary 
in frequency over time. 

15. A means for diagnosing a malfunction during the operation of an 
instrument that gathers and analyzes real-time wheel alignment data comprising: 

receiving means for receiving real-time wheel alignment data from 
at least one information-gathering means; 

storage means for storing the real-time wheel alignment data; 

playback means for re-playing the stored, real-time wheel 
alignment data; and 

processor means for analyzing the re-played data tq diagnose a 
malfunction. 

16. The diagnostic means of claim 9 wherein the at least one means 
for gathering information gathering includes an imaging means. 
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17. The diagnostic means of claim 10 wherein the real-time wheel 
alignment data comprises images including reflections from an optical target 
mounted on each wheel. 

1 8. The diagnostic means of claim 1 1 wherein th© processor means is 
a first processor means, the diagnostic means further comprising: 

a second processor means for processing the real-time wheel 
alignment data to generate wheel alignment analysis data; 

storage means for storing the wheel alignment analysis data; 

the playback means further configured for re-playing the wheel 
alignment analysis data in conjunction with the re-playing of the real-time 
wheel alignment data; and 

the first processor means further configured for analyzing the re- 
played wheel alignment analysis data to diagnose a malfunction. 

19. The diagnostic means of claim 9 further comprising a transmitting 
means for transmitting the stored, real-time wheel alignment data across a 
communications network prior to re-playing it. 

20. The diagnostic means of claim 9 wherein the storage means 
includes a controller means for causing the storing of wheel alignment data to be 
performed at pre-determined intervals that vary in frequency over time. 
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Diagnosing Malfunctioning Wheel Alignment System 



ABSTRACT 

A diagnostic system allows a service technician to diagnose a malfunction that 
occurs during operation of a wheel alignment system after the malfunction has 
occurred and Is no longer apparent. The system, which includes one or more 
cameras for gathering images of the alignment, gathers information in real time 
about the alignment of a plurality of wheels. The images include reflections from 
a target mounted on each wheel, and a processing system in communication 
with the cameras receives the images and generates analysis data based on 
them, the analysis data providing an analysis of the alignment of the wheels. A 
memory device stores the images and the analysis data, and a storage control 
causes the memory device to store the images and the analysis data in 
response to activation of the storage control by the operator during the 
occurrence of the malfunction. A display device in communication with the 
memory device selectively displays the images and the analysis data, and a 
play-back control causes the display device to selectively display the images and 
the analysis data to the service technician in response to activation of the play- 
back control after the occurrence of the malfunction. 
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